Physiologic Factors Affecting the Germination and Growth of Seed Corn 1
By JOE L. ROllINSON" This publication presents the results of a study of physical and physiological differences that exist between kernels of open-pollinated field corn harvested at different stages of development. Differences in physical characteristics of the kernels and in the rapidity of germination and of breakdown were found to be caused by physiological diffel;ences which, in turn, resulted largely from the stage of development at which the kernels were harvested. Studies of the effect of slow as compared with rapid drying, and of the value of selecting seed from plants grown on soil to which superphosphate was added are also reported. It is hoped that the results presented herein will help answer some of the questions pertaining to the effect of the time of gathering and methods of handling of seed corn upon its value as seed.
MATERIALS AND METHODS
Seed used in this study was harvested in the fall of 1929, 1930 and 1931 . In 1929 Golden King, an early maturing variety, was used. Iodent, a strain selected at the Iowa Agricultural Experiment Station and adapted to central Iowa, was used in 1930 and 1931.
Samples were harvested each year at four different stages of development. The samples in the earliest stage were the least developed of those that gave a high percentage of germination.
Several investigators have reported on the stage of development necessary before satisfactory germination may be expected.
Kiesselbach and Ratcliff (18) reported that corn harvested at seven stages varying from milk to maturity germinated 80, 92, 94, 97, 97, 96 and 98 percent.
Alberts (3) observed that Golden Glow corn germinated 14 percent when harvested in the early milk stage and 74 percent when harvested in the late milk stage. The variety, Murdock, germinated 75 and 87 percent, respectively, when harvested at corresponding periods of development. Seed harvested later germinated normally. 1 Project 156 of the Iowa Agricultural Experiment Station. 2 The writer acknowledges his indebtedness to Dr. Y\T. E. Lobmis and to Prof. H. D. Hughes for their valuable suggestions on methods of attacking the various phases of the problem; to the members of the Farm Crops staff for their many helpful suggestions; to C. Gwinn Barr and Kenneth Burnett of the Botany Department for their suggestions on laboratory technique; and to his wife. Ruth Nash Robinson, for the many hours spent in assisting with the laboratory determinations. Booth (6) found that oat kernels did not give a maximum germination percentage until 13 days after pollination. Oats harvested at five different stages of development from milk to dry and mealy, germinated 66 to 99 percent, according to Fryer (13) .
In 1920 Harlan (15) found that the kernels of several barley varieties germinated when harvested 6 days after fertilization. In 1921 he found that kernels of Hannchen barley germinated 5 days after fertilization.
. In a test from 1924 to 1930, inclusive, Koehler, Dungan and Burlison (20) found that samples containing 22.1 and 74.3 percent moisture germinated less than samples containing 28.6 to 58.8 percent at harvest.
In our experiment each sample consisted of 18 ears harvested at random. The samples in this study were harvested at such intervals of time that the moisture content of each succeeding sample was approximately 10 percent less than that of the preceding sample. The actual percentage of moisture in each sample is given in table 1. The first group of ears harvested in 1929 and 1931 contained slightly more than 60 percent moisture and that of 1930 slightly less. This group is referred to in this publication as the dough stage sample. The second group harvested and referred to as glazed contained from 48 to 55 percent of moisture. The third group was harvested at the time it ,vas thought to contain about 40 percent moisture and to be in the full dent stage of development. The last sample was harvested when fully matured and contained from 28 to 31 percent moisture. The samples were dried rapidly by being suspended in the draft of an electric fan at room temperature. Each sample was then shelled and stored.
Except where otherwise noted, results reported in this bulletin are for air-dry corn.
While the ears which made up each sample were harvested without any selection, and presumably represented the entire plot, it is apparent that in 1930 the glazed seed was not a representative sample of the seed from which it was gathered. The kernels of this particular sample had a greater weight, volume, bushel test weight and specific gravity than any of the other samples harvested, either before or after, from the same rows.
The laboratory comparisons among the samples were conducted at room temperature. Each sample of a given season . . was included in each trial. Therefore, the results ob: ained with the different samples for anyone season are comparable, although differences between years may in part be the result of variations in temperatu·re. Likewise variations in field data of the different years were largely caused by seasonal fluctuations. These fluctuations, together with the fact that two different varieties of corn, were involved, make it advisable to present the data for each year separately rather than the mean of the 3 years. EXPERIMENTAL
WEIGHT OF KERNEL
Koehler, Dungan and Burlison (20) found that kernels ceased to increase in weight while containing between 43.6 and 2~.6 percent moisture.
Our experiment was not designed primarily to determine the point at which the growth of kernels of corn stopped. It is possible, however, to determine within limits the moisture content when growth ceased. Eight hundred and fifty kernels of each sample were weighed in 1930 and in 1931 and 1,000 in 1929. The mean weight of 100 kernels is indicated in table . 2. These data show that in 1929 with an early maturing variety the greatest kernel weight was found in the mature sample. This sample contained 28.1 percent moisture when harvested. In 1930 the maximum kernel weight was attained when the glazed sample, containing 48.2 percent moisture, was harvested. In 1931 the kernels were fully grown when fully dented and containing 40.4 percent moisture. The analysis of variance of kernel weight of the different samples is presented in table 3. The test for reliability was based upon Fisher's" z" table with the 5 percent point for significance. The calculated" z" between samples of different maturity was found to be greater than the 5 percent" z" and to be significant each year. The data presented indicate that for the 3 years the maximum kernel weight was reached when the kernel contained about 40 percent of moisture. This points to the conclusion that perhaps the two samples designated as full dent and as mature were both fully developed when harvested. Results presented in the following pages seem to confirm this statement. The two samples gave similar results in the major portion of the comparisons. The data varied widely with the different years indi- cating that the development varied with the year, also possibly with the strain used as well as with the sample taken.
VOLUME OF KERNEL
The volume was determined by immersing 100 representative kernels in a known quantity of alcohol in a burette. The displaced alcohol represented the volume of the 100 kernels and was measured in milliliters as shown in table 2.
The mature kernels were the largest in 1929. In 1930 no further gain in size occurred after the glazed sample was harvested. In 1931 the kernels of the fully dented sample had the greatest volume. The volume corresponded very closely with kernel weight.
SPECIFIC GRAVITY
The investigators at the Illinois Agrieultural Experiment Station (20) found the kernels to have their maximum density when containing 43.6 percent of water at harvest.
The specific gravity found in our experiment and presented in table 4 was obtained by dividing the gram weight of 100 kernels by their volume in milliliters. The specific gravity of the kernels harvested in the dough stage was always lowest. Little difference existed in the specific gravity of the three more fully developed samples in any year. High specific gravity is closely associated with a compact endosperm. Maximum specific gravity, however, does not necessarily indicate that materials were no longer being deposited in the kernel and that full development had been reached. The nature of the kernel is such that when the moisture leaves it in the early stages of desiccation the volume becomes smaller, as evidenced by the indentation. This reduction in size has the effect of increasing the density. The bushel test weight (table 4) of the earliest harvested sample was less than 50 pounds each year. In the later stages, the differences were slight and irregular.
Ijittle increase in bushel test weight was found by Koehler, Dungan and Burlison (20) after the corn had developed sufficiently to contain only 43.6 percent moisture.
Maximum bushel test weight is an indication of compactness of the material in the kernel. Like density it is not necessarily an indication of complete development. The embryo and endosperm develop at approximately the same rate from the late milk stage to maturity, according to Kiesselbach and Ratcliff (18) .
In our study the percentage of the kernel which was composed of the germ portion was determined for 250 kernels in each sample. The kernels were immersed in water 48 hours, after which the germ portion including the scutellum was removed. Both the germ and endosperm were then dried to a water-free basis, and the percentage of germ was calculated as shown in table 5. Each year the percentage of germ was slightly less in the two samples harvested early. Table 6 , however, indicates that the difference in p ercentage of germ of the samples of different maturity was not significant. The pressure required to crush one kernel was based upon the mean crushing resistance of 100 kernels. The crushing resistance was determined by placing an individual kernel on edge between two steel jaws. A spring balance was attached with a leverage that gave 5/ 6 of the actual pounds required to crush the kernel. Inasmuch as the readings were comparative they were not corrected for the difference in leverage and are referred to in this discussion as pounds. The mean pounds of pressure required, together with the probable error, are given in table 5. The pounds required to crush a dry kernel of the dough stage sample were significantly lower than for the glazed sample each year. The crushing resistance of the two more fully developed samples of 1929 and 1931 was greater than that of the glazed sample. The difference between the fully dented and mature samples was not significant in either case. The crushing resistance of the glazed sample was the greatest for 1930.
If all kernels had been the same size and shape, crushing resistance might have been considered an index of compactness or hardness. In that case it would have been expected to follow the same trend as specific gravity. As a matter of fact crushing resistance agreed more closely with kernel weight and volume than with specific gravity. It is believed that a fully matured kernel has greater crushing resistance than one immature, and of equal size. It is also believed that the higher crushing resistance of the more mature samples in this study was largely a result of their greater size.
NITROGEN CONTENT
Jones and Huston (17) found that the percentage of nitrogen in the immature ears of corn was higher than in the fully developed ears.
Failyer and Willard (12) found a greater percentage of nitrogen in the grain of both King Philip flint and yellow dent corn when harvested in the milk stage than at any later stage of development.
The milligrams of nitrogen in one gram of moisture-free corn of each sample of our experiment were determined by the Kjeldahl method. Little difference was found in the quantity of nitrogen in the four samples of 1929 although the trend indicated that the more mature corn may have a smaller percentage of nitrogen than that harvested earlier. This trend was more pronounced for the seed of 1930 and 1931 when the percentage of nitrogen consistently decreased as the corn approached maturity.
The milligrams of nitrogen found in one gram and in one kernel is presented in table 7. The latter was obtained by using the average kernel weight for each sample, as indicated in table 2, and calculating the quantity of nitrogen for each kernel. While the percentage of nitrogen decreased as the samples became more mature the quantity in each kernel was always the smallest for the samples harvested in the least mature stage. Apparently nitrogen was being added to the kernel as it developed but not in as large a proportion as the other materials. A marked decrease in total sugars was found by Sayre, Willaman and Kertesz (24) in Advancer peas as the peas ap-proached full development. Brenchley (7), working with three varieties of barley, found a decrease in the percentage of sugars for 12 to 21 days following pollination, after which the percentage remained constant. The actual quantity present decreased at first and then increased until 21 and 24 days, after which a slight decrease occurred.
In the studies reported h er e the samples harvested in the dough stage had the greatest concentration of reducing sugars in each year. The smallest percentage was in the fully dented and the mature samples. In 1929 and 1931 a direct relation was found to exist between maturity and the percentage of non-reducing sugars. In 1930 the glazed sample had the greatest percentage of non-reducing sugars, followed in turn by the dough stage, full dent and the mature sample.
The percentage of reducing sugars was small as compared with the non-reducing sugars. Each year the highest concentration was found in the samples most immature at harvest. When the quantity of reducing and non-reducing sugars was calculated for each kernel a tendency prevailed for the larger quantity of reducing sugars to be present in the immature rather than in the mature kernels. Of the non-reducing sugars, however, the individual kernel in the dough stage had the smallest quantity each year. Little difference and no consistent trend existed in the quantity of total sugars in each kernel of the three more fully developed samples.
WATER ABSORPTION
When comparing the percentage of water absorbed in 24 hours at varying temperatures by corn harvested in the" milk," "dent," and "mature" stages, Dungan (10) , at the Illinois Agricultural Experiment Station, found that the more immature seed absorbed the greatest quantity. He found an in-' crease in the quantity as the temperature increased up to 25° Centigrade. He found little difference in the quantity of water absorbe' d by corn of either a high or low oil content. When high and low protein strains were compared, he found that the high protein kernels with a hard vitreous texture absorbed the least water. Disease resistant lots from two varieties absorbed less water in 24 hours than two starchy, more susceptible, selections.
Bakke and Erwin (5 ) at the Iowa Agricultural Experiment Station, in comparing the rate of water absorption of sweet and dent corn, found that the sweet corn absorbed water more rapidly, and absorbed a greater quantity than the dent corn of equal maturity. Both absorbed their maximum in the same period of time. Samples of both sweet and dent corn of different maturities were placed in chambers at 90, 95 and 100 percent humidity. In a 100 and in a 95 percent saturated atmosphere the sweet corn absorbed more moisture than the dent corn. Little difference exist ed in the 90 percent saturated atmosphere. Mature sweet and dent corn both had a greater hygroscopicity than the immature samples.
Water was absorbed more rapidly by immature than by mature samples of corn, according to Tascher and Dungan (26) .
Babcock (4) found that corn exposed in a saturated atmosphere absorbed water rather rapidly at first, then slowly until germination began, at which time the kernels contained somewhat less than 30 percent of water.
Shull and Shull (25) found that as the temperature ~as raised there was an increase in the quantity of water absorbed by air-dry corn in a 3-hour period.
Rudolfs (23) immersed a number of different kinds of seed in solutions of varying concentration and found that the rate of water absorption generally decreased as the concentration of the solution was raised. Some of the lower concentrations, however, tended to stimulate absorption. He also found that seed from two ears of corn grown and handled alike varied considerably in the rate of water absorption.
In determining the r elation between maturity and water absorption in the study presented here, duplicate 50-gram samples of air-dry corn were placed in 125 milliliters of water at room temp erature. At the intervals indicated in table 9 the water was drained from each sample and the excess moisture removed by rubbing the kernels between layers of cheesecloth. The sample was then weighed. The gain was recorded as grams of water absorb ed. In every case the sample harvested first absorbed water most rapidly, while the glazed sample was second in this respect 2 out of the 3 years. This would seem to indicate a positive relation between immaturity and rapidity of water absorption. The increased percentage of absorption in the early picked samples may have been caused in part by the greater surface area exposed through having a larger number of kernels in a given weight. Therefore, by using the average weight of kernel referred to in table 2 the quantity of water absorbed by each kernel was calculated. This is shown in table 10. Little difference existed in the actual quantity of water absorbed by the individual kernels of the different samples. Since the kernels harvested in the dough stage were lighter, however , the quantity of water absorbed by each unit of solid material was greater.
The greater attraction of a given unit of immature kernel for water cannot be attributed to the greater sugar content present. The mature sample of 1929 contained less sugar than the fully dented sample but absorb ed water more rapidly; also the glazed sample of 1930 contained the greatest percentage of sugar of any sample of that year and absorb ed water most slowly.
The possil;>ility that the pericarp of the k ernels harvested . early was more porous than that of the fully developed k ernel was not studied.
According to Weatherwax (28 ) , the soft starch of the endosperm has more space between its granules than do es the hard starch. The kernels of the early harvested seed contained a higher proportion of soft starch than did those harvested later. If the soft starch was accompanied by a larger p ercentage of intergranular space, this might favor a more rapid absorption of water. 
BREAKDOWN
When seed corn is planted in the soil it is exposed to the attack of various organisms. If the soil should be cool and contain an excessive quantity of moisture the processes of germination and growth will be retarded. This gives the organisms a longer period of time in which to develop. A kernel which would withstand these conditions would be desirable. The following study was made, therefore, to determine the relative ability of kernels differing in maturity to resist such attacks. The effects of such organisms and of the physical conditions which cause the kernel to disintegrate or decompose are referred to in this publication as "breakdown."
In addition to planting kernels in soil they were immersed in water and observations made at intervals. Two factors were used as indicators of breakdown. The first was loss of viability, and the second was the quantity and composition of extract present in the water in which the sample had been immersed. While it is true that placing the samples in water was a more severe treatment than they would have received had they been placed in the soil, and is not wholly comparable with seedbed conditions, yet it is believed that some indication of the relative resistance of the samples to decomposition or breakdown was obtained.
EFFECT OF IMMERSION UPON VIABILITY
Babcock (4) found that viable corn germinated only 60 percent after being immersed in 20 times its weight of boiled water for 72 hours. Thornb er (27) planted 23 kinds of seed in soil and kept this flooded for 30 days to r epresent flood conditions. The water was permitted to drain off for 8 days, after which t h e seed was placed in a germinator. Several kinds gave a rather high percentage of germination. Brazil Flour corn was included but did not germinate. In studies preliminary to the above work, V. A. Clark found that field corn germinated 15 percent after being immersed in water for 14 days.
Coupin (9) ,-
------Glaze. ' The rate at which water was absorbed by air-dry corn . 'This is expr essed in percentage of the weight of th e corn used, and a lso the qua ntity absorbed by each kernel. While the immature k ern e ls abso rbed the g r eatest percentage, little difference existed in th e quantity taken up by th e individual kernels.
----GlazlZ. determine how long they would remain viable. When the water was not changed he found the viability of maize was not completely destroyed until the end of 10 days. When soaked in running water for 24 and 48 hours he found that maize germinated 85 and 89 percent, respectively, while in still water the germination was 84 and 80 percent. Morinaga (21) placed a large number of different kinds of seed under water and while some kinds germinated, maize which germinated 100 percent on filter paper, did not germinate at all when kept immersed.
In our study 200 kernels of each sample were immersed in water for definite periods of time and then placed between moist blotting paper in the germinator. The percentage which Oxygen probably was the limiting factor when the kernels were immersed. Two factors contributed to the exhaustipn of the oxygen supply. The water b ecame rather cloudy before the end of 72 hours, because of the growth of microorganisms which helped deplete the oxygen supply. This turbidity :first became noticeable in the most immature sample. The second factor contributing to the exhaustion of the oxygen supply was respiration. The early harvested kernels probably had the most rapid rate of respiration. The available supply of oxygen was first exhausted by them. Consequently they lost their viability more quickly than the kernels harvested at a later date.
EXTRACT IN SOLUTION AFTER IMMERSION
The studies of the effect of immersion on viability indicated that when kernels were immersed in water microorganisms developed. In determining the quantity of material passing from the kernels into solution, preliminary trials were made in an attempt to inhibit the growth of these microorganisms. The first preliminary test was made by using a solution of 1 part in 3,000 of germasan, a mercury cresol-sodium cyanide compound. Ten 25-gram samples of each stage of maturity of the 1931 crop were immersed in 65 milliliters of the solution. At the end of 2, 8, 24, 48 and 72 hour periods the solution was removed from duplicate samples. One-half was evaporated to determine the quantity of solute. The other half was used to determine the total percentage of reducing material by the Mlmson-Walker method. Fifty kernels from each sample were placed in a germinator to determine the effect on viability. The grams of reducing material and total solute from 100 grams of corn, together with the percentage of the kernels which germinated at the end of each period, are given in table 12.
The quantity of reducing material was greater in the solution from the most immature kernels than from the others. The second greatest quantity was in the solution from the sample harvested in the glazed stage; little difference existed between the two more mature samples. Immersion had little effect on the germination of the four lots.
While this preliminary trial gave an indication of the results to be expected when comparing the samples harvested at different stages of maturity, it was thought that possibly toluene might be a more satisfactory substance to use for the purpose of inhibiting the growth of the microorganisms. In addition ·TABLE 12 Consequently this was tried in a second preliminary test in comparison with a solution of germasan, as described below. Eighteen 25-gram samples of well matured corn were immersed in 65 milliliters of water and a few drops of toluene added to each. Eighteen similar samples were immersed in 65 milliliters of a solution consisting of 1 part germasan to 3,000 parts of distilled water. The solutions from duplicate samples were examined at the intervals indicated in table 13 for reducing substances, and total extract present. Fifty kf'rnels of each sample were used to determine the percentage of germination. The kernels immersed in the germasan solution germinated 99 percent at the end of 120 hours. The samples to which toluene was aGlded decreased in viability, germinating only 14 percent at the end of 120 hours.
The quantity of reducing material present in the germasan solution reached its maximum at the end of 48 hours. In the sample to which toluene was added the quantity increased rapidly at the end of 24 hours and continued to increase throughout the period. At all times it exceeded the quantity in the germasan solution.
When a few drops of toluene were added the viability was destroyed more rapidly than with the germasan, indicating a toxic effect for the toluene. This is in agreement with an additional test made to compare the viability of samples immersed in water with and without toluene. In this test the kernels immersed in the water to which toluene had been added were all dead at the end of 72 hours. The dough stage kernels immersed in pure water germinated 34 percent as compared with 83, 98 and 98 for the glazed, fully dented, and mature samples, respectively. A greater quantity of extract also was found in the solution to which toluene was added.
An appreciable quantity of extract did not appear in the germasan solution until the sample had been immersed 24 hours. In the toluene solution a definite increase in the quantity of extract occurred after the kernels had been immersed 4 hours.
QUAN'fITY OF EXTRACT
The preliminary experiments indicated that breakdown occUlTed rather rapidly when toluene was used. Toluene also had the advantages of evaporating without leaving a residue and of controlling the microorganisms. Therefore it seemed desirable to add a few drops of toluene to the water in which the kernels were immersed in studying the relation between maturity and the material extracted by immersion. Though it is realized that the results obtained are due in part to resistance to toluene they also represent differences due to maturity of the samples at the time of harvest.
Fifty grams of each sample of the 1929, 1930 and 1931 seed were immersed in 125 milliliters of water and a few drops of toluene added. Duplicate samples were used, and the experiment was repeated three times. The results, given in table 14, are the means of all repetitions. A refractometer was used to determine the quantity of material in solution. A check reading was obtained before the corn was immersed, and readings made at regular intervals. The final readings were made after the kernels had been immersed 72 hours. The solution was then removed and evaporated, and the weight of the residue determined. The total extract obtained in 72 hours was divided by the net refractometer reading at that period to establish a dry matter refractive index ratio . From this ratio the quantity of extract at t h e previous readings was calculated. I n each instance the greatest quantity of solute was obtained from t he sample harvested in the dough stage, and in p ractically every case the second greatest quantity was obtained wh en the glazed sample was used. The quantity of extract from t h e f ully dented and the mature samples differed little. These data point to a positive relationship between immaturity and breakdown as evidenced by extract in the solvent. By using the kernel weight previously indicated the average quantity of extract from one kernel was calculated. These data are given in table 15. Generally, more material was present in solution for each kernel of the dough stage corn than for the others. The increase, however, was not so great as when expressed on a percentage basis.
These data clearly indicate that material was diffusing out of the kernels into the solution. These also indicate that this movement was more rapid on a percentage basis when immature kernels were used, showing that immature kernels began to break down or disintegrate first. No doubt a high percentage of the kernels was dead at the end of 72 hours. The releasing of material into solution is probably hastened by the death of the kernel. To conclude that it came only from dead kernels, however, would hardly be justified. The data in table 13 indicate that extract was present in the germasan solution at the end of 24 hours and continued to increase until the kernels were removed at the end of 120 hours, yet when removed the kernels were 99 percent viable. While the quantity of extract present in the germasan solution was only about onefourth the amount present when toluene was used, nevertheless the data indicate that some extract was removed from living kernels.
COMPOSITION OF EXTRACT
Babcock (4) placed corn in 20 times its weight of boiled water, and changed the water 6 times during 48 hours. The first extract reduced Fehling's solution to a considerable de-gree, and each subsequent extract reduced it less-the last, very little.
In experiments herein reported a partial determination of the composition of the material in solution was made in the following manner. Duplicate 25-gram samples of grain were immersed in 65 milliliters of water and a few drops of toluene added. The solution was removed from duplicate samples after 1, 8 and 72 hours. One-half of the solution was evaporated for total dry matter. The other half was used to' determine the quantity of reducing and total sugars according to the MunsonWalker method. Table 16 indicates the grams of reducing and of total sugars obtained in solution by immersing 100 grams of corn.
The quantity of sugar present increased as the length of time of immersion increased. In all samples, however, the greatest quantity was found in the solution from the dough stage corn. The second largest quantity was in the extract from the glazed sample. At the end of 72 hours the quantity from the matnre and the fully dented corn differed little.
It has been shown previously that the greater portion of the sugar present in the air-dry kernel was non-reducing. Nonreducing sugars were not present in the solution in which the kernels had been soaked for 72 hours, thus suggesting that the non-reducing sugars were hydrolyzed to simpler compounds upon passing into the solution, or while remaining in the watersoaked kernel. The quantity of reducing and non-reducing sugars in the soaked kernels was determined as shown in table 17. The data indicate that a relatively small proportion of the sugar remaining in the kernel was non-reducing. By comparing the sum of the sugars found in the solution plus that in the soaked kernel, with the quantity found in the air-dry corn the degree of change from non-reducing to reducing sugars can be observed. The gain in reducing sugars practically equals the decrease in non-reducing sugars. The greatest discrepancy between the two occurred in the fully dented sample of 1929 in which the gain in reducing sugars accounts only for about 75 percent of the non-reducing sugars lost. These figures suggest that hydrolysis of non-reducing sugars had a greater influence upon the carbohydrate picture than either digestion of starch or respiration. Possibly the poor aeration within the immersed kernels reduced the digestion and respiration rates. The greater proportion of reducing sugars in solution when compared with that in the kernel may be explained, in part at least, by assuming that the smaller molecules of these sugars penetrated the pericarp of the kernel more readily. In eight out of nine comparisons in table 18, the extract from the immature kernels had a greater percentage of reducing material than the extract from the more mature kernels. The percentage of solute which was reducing substances varied little with the time immersed. The solute from the mature sample of 1931 contained no reducing substances after being immersed 1 hour, but it was more. than half reducing material at the end of 72 hours. The high percentage of sugar indicated for the dough sample of 1931, after being immersed 1 hour, resulted from the use of separate samples to obtain the total extract and the total sugar. determinations rather than to error in technique.
It was apparent that substances other than sugars were present in the solution. Therefore a second set of solutions was obtained in the same manner as previously described. The quantity of total nitrogen in the second set was determined by the Kjeldahl method. The extract from corn harvested in the dough stage had more millignims of nitrogen at 1, at 8 and at 72 hours than the others. With two exceptions, the solutions from the mature samples contained the smallest quantity of nitrogen. The quantity present increased as the period of immersion was extended.
DIASTASIC ACTIVITY
Tascher and Duncan (26) , when using ungerminated corn, found little difference between the activity of the starch-dissolving enzymes in horny and floury corn; however, this activi- ty was greater for immature than for mature corn. When germinated corn was used no difference was found in the diastasic activity of the mature and immature corn. Horny kernels appeared to have a more active diastase than floury corn. A smaller quantity of reducing sugars was found in the germinated horny kernels than in those which were -floury, indicating that the sugars were formed more slowly or were used more rapidly by the seedlings. Brenchley (7) found that the diastasic activity of the barley kernel increased for 24 to 33 days after fertilization, depending upon the variety, after which time it decreased rapidly for a few days, followed in turn by a constant activity.
Pickler (22) concluded that the diastase formed in the barley grain increased with the water content. He further concluded that the rate of formation of diastase was also influenced by temp erature but not to as great an extent as by the moisture content.
.; I >U~ In our investigation a study was made to determine the relative activity of the diastase of the different samples. Two-gram samples of finely ground, air-dry corn were used. These were placed in flasks to which 50 ml. of a 0.2 percent starch solutjon was added, and the samples incubated at 40° Centigrade for 3 hours. Upon removal from the incubator they were brought to a boil to prevent further diastasic activity. The milligrams of reducing substances present were determined by the MunsonWalker method. Check samples were treated in the same manner, except that they were brought to a boil before placing in the incubator. The quantity of reducing substances found in the check sample was subtracted from the total, and the re-mainder was assumed to be formed by the diastase present in the 2 grams of corn. The milligrams formed are indicated in table 20. A direct decrease in diastasic activity for each unit of meal occurred as the samples became more mature, with the exception of the mature samples of 1930 and 1931 which gave evidence of greater activity than the fully dented kernels. The data were analyzed statistically as shown in table 21. The differences in quantity of reducing substances formed by the samples of different maturities were found to be significant. The greater diastasic activity of the immature kernels may have been caused in part by the greater number of kernels in 2 grams resulting in a smaller proportion of endosperm. Consequently the quantity of reducing material produced by 10 kernels was, calculated. This did not entirely substantiate the above assumption. In the 1929 and 1930 seed the dough and glazed samples had greater diastasic activity for a given number of kernels than did the fully dented and mature samples. In 1931 the reverse was true. PLANT DEVELOPMENT Some advantages might be expected from seedlings that begin to grow vigorously and proceed at a rapid rate until they become well established. Such seedlings are not so likely to be injured by seedling disease organisms as those which start slowly and do not develop at a maximum rate. A study, therefore, was made of the rapidity of early development by plants from the kernels harvested at different stages of maturity.
Dungan (11), at the Illinois Agricultural Experiment Station, found that the radicle of the more immature kernels appeared more rapidly than that of the mature kernels, but that the percentage of germination of the mature k ernels was greatest at the end of 4 days. When a comparison was made of the rapidity of germination of samples stored with 6.1, 12.6 and 19.2 percentage of moisture, the high moisture kernels germinated most rapidly at 20° and 25° Centigrade. At 30° Centigrade little difference existed. High protein corn with a hard, vitreous texture was slower to start germinating at 20° Centigrade than the more starchy, low protein corn. At 25° and 30° Centigrade little difference was noted. The seedlings of the higher protein cr: 'I-. (26) found that immature kernels produced a greater percentage of radicles in 48 hours than mature kernels. In the same length of time the reverse was true with the p 1 u m u 1 e s produced. Briggs (8) found that more than half the immat u r e kernels of wheat had germinated in 30 -hours as compared with none of those fully matured. ment of the seedlings in our experiments was studied in a Minnesota germinator in which the shelf was covered with blotting paper. The kernels were placed betwren two additional layers of blotting· paper. Such an arrangement supplied the kernels with a uniform quantity of moisture. No variation was observed in the rapidity of germination on different parts of the shelf. ·With each replication, however, the kernels were shifted from one side to the other to eliminate any differences which might have occurred. The first observations were made after the kernels had been in the germinator 34 hours, when the percentage of kernels with the radicle emerged was determined. Any radicle through the pericarp was considered to be emerged. More than 700 viable kernels of the 1929 and 1931 seed and more than 600 of that of 1930 were used. The data are given in table 22. They indicate that the immature kernels started germinating more rapidly than those more fully developed.
Previous data indicated that water was absorbed more rapidly by the immature kernels, in proportion to their weight. This may permit an earlier hydrolysis of stored food supplies. With the exception of 1931 the diastase in the immature kernels was more active than in the others. It was also found that the percentage of sugar was greater in the immature kernels than in those harvested at a later date. This additional supply of readily available food together with the more rapid water absorption and greater diastasic activity no doubt contributed to the rapid germination.
SEEDLING DEVELOPMENT
Inasmuch as the germinating processes began more quickly with the immature than with the mature seed, the next study was that of the relative development of the seedlings following the emergence of the radicle.
Tascher and Dungan (26) concluded that after being in the germinator 7 days the weight of the seedling and remaining endosperm increased with the maturity of the corn seed. They found the weight of the seedling to equal 21.59 percent of the immature air-dry kernel weight and 15.68 percent of the mature kernel. They found little difference in the efficiency of the immature and mature k ernels for producing seedlings when based upon the differences in weight of the original kernel and the kernel residue. Further comparisons indicated that the seedlings of horny corn were heavier in comparison with the original kernel weight than with floury corn. When samples of the same variety containing different proportions of soft starch were used, those more horny produced the heaviest seedlings. A direct relation was found between maturity and seedling weight.
In the results presented here the total dry seedling weight from 150 kernels was obtained at daily intervals beginning when they had been in the germinator 48 hours. The weight of the seedlings from the dough stage corn of 1929 was lighter than from the other samples at each weighing, while the dough stage seed of 1930 and 1931 produced lighter seedlings when they had been in the germinator 5 and 6 days.
The data, as presented in table 23 , indicate that while the seedling weight from the more immature kernels may be equal to or greater than the others at first, under the conditions of this experiment they were surpassed in growth by the others in from 4 to 5 days.
RELATIVE RADICLE AND PLUMULE DEVELOPMENT
The seedlings previously referred to were separated into radicle and plumule and the dry weight of each obtained. The separation was made at the point of attachment to the scutellum.
The dry weight of the plumules after the kernels had been in the germinator 2, 3, 4, 5 and 6 days is given in table 23. These data indicate that while the relative weight of the plumule from the immature kernels tended to be greatest for the first 3 days, the weights equalized at the end of 4 days, and that of the mature kernels exceeded that of the immature kernels at the end of 5 days.
The dry weight of the roots is given in table 23. The root weights agree very closely with the top weights. Although the seedlings from the immature kernels had the greatest root development at first, the advantage thus gained was retained for only about 3 days. The early growth of the 1929 seed corn, an early maturing variety, seems to be more rapid than for the seed used in 1930 and 1931. A greater percentage of the kernels had the radicle emerged in 34 hours time than was true with the seed of the 2 later years. The study of top, root and total seedling weights indicates that the development of the seedling of the dough stage corn had already been surpassed by the more mature samples in 2 days while this did not occur with the 1930 and 1931 seed until the end of the third and fourth days.
As was to be expected, in all cases the proportion of top to root increased each of the 6 days in the germinator. In 1929 the increase was from 27 to 50 percent. In 1930 the proportion increased from 31 to 41 percent. Tn 1931 the gain was from 34 to 47 percent. 
PFRCENTAGE OF KERNEL WEIGHT LOST
At the time of weighing the seedlings, the weights of the kernel residues were also obtained. These weights, plus the dry weight of the seedlings, were subtracted from the dry weights of the original kernels. The percentage of the original kernel weight lost, mainly by respiration, was calculated.
In no case did consistent differences exist between the different samples in percentage of kernel lost by respiration at the end of the second day. For the third and fourth days the loss was greatest for the dough stage samples. During the latter part of the growth period a definite trend existed showing that the more immature kernels lost weight most rapidly. This tendency may be accounted for by those factors which stimulate early growth, such as rapid water absorption, a higher percentage of sugars, and a more active diastase.
EARLY GROWTH IN GREENHOUSE
The next comparison of the rapidity of growth of the different samples was to determine from which seed the sprouts would first emerge at the surface of the soil. The same samples, as previously described, were used for 1931. For the 1930 seed it was necessary to use kernels which were harvested in the same place and manner but which had been stored under different conditions. The seed for 1929 was not included.
One hundred kernels were planted in a greenhouse fiat at a uniform depth of 1% inches and in soil containing a high percentage of organic matter. This was repeated three times. The temperature was approximately 70° Fahrenheit. The number of plants emerged through the soil at the end of 16 days was considered as 100 percent. The number of plants emerging each day was counted as recorded in table 24 . In each instance the plants from the dough stage seed were the slowest to emerge, followed in turn by those from the glazed seed. The maximum was reached at the end of 15 days for the mature 1930 seed. For the 1931 seed the maximum number of seedlings from the mature seed were through the surface at the end of 10 days. These data agree with those previously noted. The more immature kernels probably started to germinate first but were overtaken in a few days by the seedlings from the more mature kernels.
In the last replication the plants were cut off at the surface of the soil on the sixteenth day, placed in an oven and dried to a moisture-free basis. The mean 'Weight of each plant was then calculated, as given in table 25. For seed of both years a trend existed showing greater plant weight as more mature seed was used.
RAPIDITY OF GROWTH IN THE FIELD
Hughes (16) observed that plants from horny kernels made a more rapid growth after appearing above the surface of the soil than those from starchy kernels. Harlan (15) found that plants grown from kernels of barley harvested 6 days after fer- Top   Dough  27  30  34  35  32  30  39  34  36  48  Glaze  27  31  33  34  31  27  38  31  31  49  Full dent  27  32  34  34  32  26  41  32  28  48  Mature  26  32  36  35  31  29  41  31  29  49   Root   Dough  73  70  66  65  68  70  61  66  64  52  Glaze  73  69  67  66  69  73  62  69  69  51  Full dent  73  68  66  66  68  74  59  68  74  52  Mature  74  68  64  65  69  71  59  69  71  51 Percentage of original kernel weight lost tilization were very slender and the leaves very small. The mature plants were not as robust as those grown from fully developed kernels. The seedlings became more vigorous as the seed from which they were grown became more fully developed. The third study of the relative growth of the seedlings from the different samples was made in the fi eld during the spring following its selection. The height of the plants was measured 21, 31, 41 and 51 days after planting. The height, as reported in table 27, was measured by stretching the leaves their full length. Each year the plants from the dough stage sample were the shortest at each of the four measurements, indicating To determine whether or not the greater height of plants from fully developed kernels was caused by slower development or by the initial smaller growth, the data in table 28 are presented. They indicate the centimeters of growth made by the different samples during each 10-day period in the field together with the growth made the first 21 days after planting. The growth made the first 21 days is roughly comparable with the other growth periods inasmuch as approximately the first half of the period was utilized in reaching the surface of the soil. All plants did not emerge at the same time, consequently the number of days spent in growth after they had emerged was not equal. It does serve, however, to point out that the initial growth rate of the plants from the dough stage seed was less than that of the other lots. . 'fhe proportionate difference in growth was less in the period 41 to 51 days after planting than either of the other two periods. In the period 31 to 41 days after planting, the plants from the early harvested seed were still slower in growth, but they had made proportionately more growth than in the first period. In the fourth period all samples made about the same growth. The plants from the most immature seed of 1931 made the smallest growth in the first two periods. In the third and fourth periods the amount of growth was equal. These data indicate that after the plants reached a height of 45 to 50 centimeters the rate of plant growth was equal for all the different maturities.
The corn plants from the 1931 seed grew more rapidly than those of either of the other 2 years. The seed harvested in 1930 made the slowest growth. These variations were presumably the result of seasonal conditions.
In the studies on early growth of the plant it was found that the immature kernels were the first to become germinatively active. 'fhis advantage was soon lost and the weight of the seedling from the more mature kernels equalled those from the early harvested kernels in 3 to 4 days and surpassed them in 4 to 5 days. The factors which influenced the early development of the seedlings probably were the more rapid absorption of water and the greater activity of the diastase, as well as the greater proportion of substances readily available for use. During the first few days respiration was more active in the immature than in the mature kernels as evidenced by the greater loss in material. As the plants began to draw more heavily upon the reserves in the endosperm of the seed, those from the more mature kernels forged ahead, probably because of the greater food supply. When grown in the field the plants from the dough stage seed were consistently smaller. This is in agreement with the observations made in the germinator and in the greenhouse which indicated that while the immature kernels first became germinatively active, the advantage was quickly overcome by the more mature kernels.
The measurements in the field indicated th-at the plants from the more mature seed made the most rapid growth until a height of 45 to 50 centimeters was reached after which the rate of growth in height tended to become equal.
Ashby (2) in summarizing his work on relation of embryo size to hybrid vigor states, "Hybrid vigor in these strains is nothing more than the maintenance of an initial advantage in embryo size." In an earlier publication (1) he states that" this advantage is retained through the life cycle." Our data on rate of growth as presented in this paper are not in agreement with the conclusions of Ashby. The size of the embryo separated from the scutellum was not determined in the different samples so that no direct comparisons can be made on this point. The plants in this study, however, did not maintain the uniform size relationship required by Ashby's hypothesis. The plants grown from the early harvested seed started more slowly and their rate of growth was less in the first weeks. According to Ashby this difference should have widened geometrically but instead it disappeared so that the later growth rates and final yields were uniform.
EFFECT OF MATURITY UPON YIELD Kiesselbach and Ratcliff (18) found no difference in the ability of corn to yield when picked in September, October, November, December, February or March, when equal stands were obtained. No difference was found in yields produced by corn harvested in the dent, mature and husking stage at the Illinois Agricultural Experiment Station (11) as an average of 6 years. Keisselbach (19) found a continuous increase in yield as the seed of winter wheat became further developed, when comparing five stages of development from milk to maturity. After 5 years work with King Philip corn, Goff (14) found that the highest yield was produced 1 year by the most immature seed, 1 year by the fourth selection, and 3 years by the fully developed seed. Booth (6) has observed that oats did not give as high germinating percentage in the field as in the germinator and that immature kernels showed a greater difference between the two methods than did fully developed kernels.
Koehler, Dungan and Burlison (20) obtained lower field stands and lower yields in bushels to the acre with corn harvested while containing 74.3 and 58.8 percent moisture than with those having a lower moisture content at harvest.
In comparing the samples herein described for ability to yield, two comparisons were made; in one an attempt was made to control the stand, and in the other no effort was made to secure a comparable stand beyond the planting of a uniform number of kernels in each hill. In the comparison in which the stand was controlled, all samples were planted five kernels to the hill and later thinned. percent lower than the mature sample. These data are given in table 29. The variance in the yield was analyzed into portions resulting from differences between samples and between replications, and finally apportioned because of experimental error.
When the samples were planted thick and later thinned the val'iance between samples and also between replications of the 1929 seed was greater than the experimental error. The difference between samples, however, was not significant. Neither was the variance between samples significant in 1930 or 1931. The variance between replications, however, was significant in 1930 but not in 1931.
Although no sample germinated less than 96 percent in the germinator, the highest percentage stand obtained when 
:s: In making the comparison for ability to yield, when no effort was made to control the stand, the seed of each sample of the 1930 and 1931 seed was planted in 24-hill plots. Plantings of the seed selected in 1930 were repeated four times while those of 1931 were repeated six times. The seed of 1929 was not included. In each case three kernels were planted to the hill. No effort was made to control the stand by thinning or replanting.
When the 1930 seed, harvested in the dough stage, was used the stand was from 16 to 22 percent less than for the other samples. In 1931 it varied from 10 to 23 percent lower. The yield produced by the early harvested seed in 1930 was 8.5 bushels to the acre less than for the glazed seed which in turn was 3.5 bushels less than that produced by the fully dented and the mature seed. The yield from the dough stage seed of 1931 was from 9 to 15 bushels to the acre less than from the other samples. In studying the yields from the uncontrolled stand statistically it was found that the differences between samples were significant in both 1930 and 1931. The differences between replications in 1 1930 were significant but not in 1931. The variation between samples in the experiment in which the stand was uncontrolled no doubt was because of the shortage of plants from those samples not fully matured.
From the practical point of view these data indicate that to be of the most value for planting purposes the kernels should be sufficiently developed to give a perfect stand. The dough stage seed used in this study was not sufficiently developed to do this. Just why the kernels of the dough stage seed did not germinate as well as the more mature kernels when placed in the soil was not determined in, this study. It is possible, however, that the same factors that promoted breakdown when the kernels were immersed in water were also contributing factors when the kernels were planted in the soil. The endosperm of the immature kernels was less compact, it absorbed water more rapidly, respiration was more rapid, and the higher percentage of sugars present may have provided a more satisfactory medium for the growth of decay-producing organisms.
This study indicates that in productivity, surviving plants from the immature seed are equal to plants from mature seed. Early harvest provided a kernel which had a smaller reserve of food material in the endosperm, but still sufficient to support the plant until it could rely upon photosynthesis for its food supply provided that germinatipn conditions were sufficiently favorable.
SOURCE AND METHOD OF HANDLING SEED
In addition to the samples previously described, and with whieh the experiments as outlined were conducted, two additional groups of samples were included in some of the comparisons. At each harvest period, in both 1930 and 1931, a second group of ears was secured which, instead of being suspended in the draft of an electric fan and drying as rapidly as possible, was suspend~d on hangers in a basement in order that the rate of desiccation would be somewhat retarded.
A third group was harvested at the same time, in both 1930 and 1931, but from an adjoining plot to which superphosphate had been added at the rate of 200 pounds to the acre. This group was dried rapidly by suspending in the draft of an electric fan .
RAPIDITY OF DESICCATION
The theory has been advanced that if the seed was dried at a relatively slow rate respiration would be high for a greater length of time than if dried rapidly. Consequently, a greater percentage of loss would occur, making the kernel less valuable for seed. The comparative rapidity with which the moisture was lost by the samples dried rapidly and those dried slowly iR presented in table 3l.
In addition to indicating the relative rapidity of desiccation of the samples dried slowly and rapidly, these data indicate that proportionately more water was lost in a given length of time by the samples having the greater water content, .wnen stored under the same conditions. The comparisons between the samples as an average of the 2 years are indicated in table 32.
Little difference existed between the performance of the rapidly and slowly dried samples. A slight difference, however, seemed to occur between the seedling weight produced by the two samples harvested in the dough stage. That which was dried slowly did not make as rapid development as did the seeds which were dried rapidly. This difference was more pronounced for the first few days than at the end of the sixth day. With all four samples the quantity of extract in the solution in which the kernels were immersed was less in the case of the kernels dried slowly. The difference was less when the kernels had been immersed for a longer period of time than in the first few hours.
No explanation is offered for the lighter seedling weight, and less quantity of extract from the samples dried slowly. It can hardly be assumed that the more readily available carbohydrates were exhausted during the longer period of desiccation because the rapidly dried samples of the dough stage, harvested from the plot to which superphosphate had been applied, also gave a reduced quantity of extract.
The seed harvested from soil to which superphosphate had been applied performed in the same manner as the samples previously described. No test was made to determine the phosphorus requirement of the soil previous to the application. It is possible that other results might have been obtained from seed grown on soil with a high phosphorus deficiency as compared with one having no deficiency. The percentage of phosphorus in the two samples was not determined.
The data on kernel weight and on yield were analyzed statistically as indicated in tables 3 and 30. There were no significant differences between the weight of the kernels from the different treatments nor in the yields produced by them. SUMMARY S AMPLES of corn were harvested at different stages of maturity in 3 different years. The data indicated that the kernel was not completely developed when harvested as early as the soft dough stage, when it contained 60 p ercent of water. Comparisons were made between the samples for physical differences, for differences in rapidity of breakdown, and for differences in the plants developed from them in the germinator, the greenhouse and the field.
The data showed a trend indicating that the kernel weight, volume, bushel test weight, specific gravity and crushing resistance increased as the kernels became more mature.
A significant difference was not found between the rate of development of the germ and the endosperm portions of the kernel after it had reached the dough stage.
The percentage of nitrogen and of sugars was greater in the immature kernels than in those fully developed, although the actual quantity present in each kernel was less.
When the kernels were immersed in water a greater quantity of water was absorbed by each unit of weight of the immature kernels than of those fully developed. The actual quantity of water absorbed by each kernel of the samples differing in maturity varied little.
. Compared for resistance to breakdown when immersed in water, the kernels harvested in the dough stage lost their viability more rapidly than did kernels more completely developed at the time of harvest. In 2 of the 3 years little difference existed in this regard between seed harvested when glazed, when fully dented and when mature. A few drops of toluene added to water was toxic as evidenced by the lowered viability of kernels immersed in it.
A greater percentage of the weight of kernels was found in solution after seed harvested in the dough and glazed stages of maturity had been immersed than was present following the immersion of those fully dented and matured. The solution was examined for sugars and nitrogen, both of which were present. The quantity of sugar was greater in the solution from the kernels harvested in the dough stage than from those harvested when more mature. After' the kernels had been immersed 72 hours little difference was found in the percentage of sugar in the solute from the different. samples. The quantity of nitrogen present was greatest in the extract from the kernels harvested in the dough stage; the second greatest quantity was in the extract from glazed kernels. Httle difference existed between the fully dented and the mature kernels.
The greater portion of the sugars present in the air-dry corn was non-reducing. After the kernels had been immersed in water for 72 hours the greater portion of this, both in the kernel and in the solution, had been reduced to simpler sugars. _ In 2 of the 3 years the diastasic activity for each unit weight and for each kernel diminished as the kernels became more fully developed.
The early harvested kernels germinated more rapidly than those harvested at a later date but in 4 or 5 days were surpassed in rapidity of early growth by the more mature kernels. When planted in the greenhouse the seedlings from the mature and fully dented kernels appeared through the surface of the soil more quickly than those from kernels harvested in the dough stage. Those harvested in the glazed stage were intermediate.
When grown in the field the plants from the dough stage seed were shorter than those from the three more mature stages for the first 51 days. The plants from the most immature seed grew more slowly than those from the more fully developed seed until a height of45 to 50 centimeters was reached after which the rate became equal .
Seeds harvested at different stages of maturity were found to be equally productive when equal stands were obtained in the field. The immature kernels did not give as good a stand as the mature kernels, consequently they gave a smaller yield when planted at uniform rates.
Samples which were dried slowly but in such a manner that they did not mold, differed little in performance from those which were dried rapidly.
No differences were found between kernels harvested for seed from a plot to which superphosphate had been applied and those from a plot to which no application was made.
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